Introduction {#s1}
============

Dopamine-replacement therapy using L-dopa (L-3,4-dihydroxyphenylalanine) remains the most effective drug for treating Parkinson\'s disease (PD). However, long-term use of L-dopa is associated with L-dopa-induced dyskinesia (LID), which can become treatment-limiting (Jenner, [@B15]). More than 50% of PD patients will develop LID between 5 and 10 years after beginning L-dopa therapy (Calabresi et al., [@B7]). Until now, the potential neuropathological mechanisms of LID were largely unknown (Bastide et al., [@B3]). There are limited options for managing LID without deteriorating parkinsonism, such as fine adjustment of L-dopa doses, amantadine, prolonged dopaminergic stimulation, and deep brain stimulation (DBS) (Fox et al., [@B11]).

Among these options, amantadine, a weak antagonist of the ionotropic N-methyl-D-aspartate (NMDA) receptor, is the sole pharmacological agent used to treat LID patients in the clinic, indicating that increased glutamatergic neurotransmission is associated with the pathophysiology of LID (Del-Bel et al., [@B10]). The metabotropic glutamate receptors (mGluR), are a type of glutamate receptor that are active through an indirect metabotropic process (including mGluR1-8). They are members of the group C family of G-protein-coupled receptors (Bonsi et al., [@B6]). The mGluR perform a variety of functions in the central and peripheral nervous systems. For example, they are involved in learning, memory, anxiety, and the perception of pain (Reiner and Levitz, [@B23]). Mohamed et al. reported that for development of melanoma, activation of every signaling pathway from mGluR1 is required (Abdel-Daim et al., [@B1]). In addition, inactivation of the mGluR1 transgene in melanoma mice inhibited melanoma growth with reduction of phosphorylated ERK1/2, whereas mice with abiding expression of mGluR1 developed larger melanoma burdens (Ohtani et al., [@B20]). Moreover, in terms of LID field, a previous study in non-human primates reported that LID was related to increased mGluR5-specific binding in the striatum vs. controls (Samadi et al., [@B24]). Similarly, LID patients have higher mGluR5-specific binding in the basal ganglia than patients without dyskinesia (Ouattara et al., [@B21]). Accordingly, mGluR5 antagonists have been studied as a potential treatment for reducing LID symptoms in PD patients. Nevertheless, trials investigating the effectiveness of mGluR5 antagonists have yielded mixed results, possibly due to low statistical power and extensive variation in treatment regimens (Chou et al., [@B9]). Rajeev et al. demonstrated that mavoglurant, which is a subtype-selective and noncompetitive antagonist of the mGluR5 binding site, combined with higher doses of L-dopa may be effective in treating patients with PD experiencing L-dopa-related motor fluctuations and dyskinesia (Kumar et al., [@B16]). On the other hand, Francois et al. reported that dipraglurant, a novel mGluR5 antagonist, was safe and tolerable. Its efficacy in reversing LID warrants further investigations in more patients (Tison et al., [@B27]).

Hence, it is unclear whether mGluR5 antagonists are more effective in LID patients due to the inconsistent results. It is critical to integrate and arrange these findings to accurately determine the effects of mGluR5 antagonists on LID. Therefore, the aim of this study was to conduct a direct meta-analysis of standard treatments in LID patients from randomized clinical trials (RCTs) to compare mGluR5 antagonists vs. placebos.

Materials and methods {#s2}
=====================

Search strategy
---------------

To identify relevant studies for inclusion in this meta-analysis, we searched PubMed, Google Scholar, and the Cochrane Library from inception through July 30, 2017. To avoid omitting relevant trials, we also searched conference summaries and reference lists from general reviews on mGluR5 treatment in advanced PD. Two reviewers (XRZ and ZRZ) independently screened the titles, abstracts, and references from all identified reports.

The Medline (PubMed) search strategy was as follows: \#1. (Parkinson\'s disease \[mh\]) OR (Idiopathic Parkinson\'s Disease) OR (Lewy Body Parkinson Disease) OR (Lewy Body Parkinson\'s Disease) OR (Primary Parkinsonism) OR (Parkinsonism, Primary) OR (Paralysis Agitans)\#2. (Metabotropic glutamate receptor 5 \[mh\]) OR (mGluR5) OR (mGluR5b Protein) OR (Metabotropic Glutamate Receptor 5b) OR (Metabotropic Glutamate Receptor 5a) OR (Protein, mGluR5) OR (Lithium) OR (LY-344,545) OR (Mavoglurant) OR (Remeglurant) OR (SIB-1893)\#3. (dyskinesia \[mh\]) OR (L-dopa-induced dyskinesia) OR (LID)\#4. \#1 OR \#2 OR \#3

Inclusion and exclusion criteria
--------------------------------

We included clinical trials that met the following criteria: (1) randomized controlled design trials comparing mGluR5 antagonists with placebo to treat idiopathic advanced PD, (2) trials with participants aged 30 years or older and masked assessment of outcomes, (3) trials describing advanced PD patients with L-dopa-induced dyskinesia, and (4) reports that were published in English. mGluR5 antagonists are defined as a drug with reported antagonism on mGluR5 irrespective of actions at other receptors. Trials were excluded for the following reasons: (1) trials that were not RCTs, including case reports, abstracts, comments, reviews, and editorials; (2) trials conducted in non-human subjects; (3) trials that did not conduct tests to evaluate the effects of mGluR5 antagonists on LID patients; and (4) reports that were duplicate publications.

Data extraction
---------------

For each trial, detailed information was carefully extracted from all the eligible trials, including the first author, year of publication, sample size, and basic sample characteristics, study population, study design, mGluR5 antagonist protocols, and outcome measures. Outcome measures included modified Abnormal Involuntary Movements Scale (mAIMS) (Marconi et al., [@B18]), Lang-Fahn Activities of Daily Living Dyskinesia Scale (LFADLDS) (Parkinson Study Group, [@B22]), Unified Parkinson\'s Disease Rating Scale (UPDRS), and adverse events. Finally, we also extracted the main results of the included trials.

Risk of bias
------------

The risk of bias for included trials was assessed independently using the Cochrane Handbook for Systematic Reviews of Interventions (Higgins et al., [@B13]). The details of risk of bias analysis are consistent with our previous paper (Xie et al., [@B31]).

Statistical analysis
--------------------

All statistical analyses were done in accordance with the intention-to-treat (ITT) principle. In this study, primary outcome measures (such as LFADLDS, mAIMS and UPDRS) were treated as continuous data. Weighted mean differences (WMD), standard statistics that measure the absolute difference between the mean values in two groups, were given in this meta-analysis. The mean effect was expressed as WMD with 95% confidence intervals (Vesterinen et al., [@B30]). We adapted a random effect model rather than a fixed effect model to measure pooled effect sizes. We chose the random model because it takes into account the potential clinical or methodologic heterogeneity between multiple studies and also yields a more conservative estimate of the pooled effect. We used the Q statistic and the *I*^2^ index to assess the statistical heterogeneity. A probability value of *P* ≤ 0.1 and an *I*^2^ value \>50% are indicative of heterogeneity between included studies, as the values exceed what is expected by chance (Higgins et al., [@B14]). If outcomes were presented at different time points, we extracted data from the last time point of analysis. If means and standard deviations were not provided, we calculated them from standard errors, CI, or other statistical indices. We performed a sensitivity analysis to examine whether our results would have differed by removing each individual study from the total and reanalyzing the remainder. Finally, we used the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach to assess the quality of evidence. There are four levels for rating quality of evidence: high, moderate, low, and very low (Atkins et al., [@B2]). Publication bias was not assessed due to the limited trials. All analyses were performed with RevMan version 5.1. Probability value of *P* \< 0.05 was considered significant.

Results {#s3}
=======

Results of the search
---------------------

Our initial search of electronic databases yielded 320 publications. After screening through titles, abstracts and full texts, 9 trial reports were identified for the final meta-analysis (Berg et al., [@B4]; Stocchi et al., [@B26], [@B25]; Trenkwalder et al., [@B28], [@B29]; Kumar et al., [@B16]; Tison et al., [@B27]). No further studies were identified by manual searches of the three journals from which most eligible studies were identified electronically (*Movement Disorders, Parkinsonism & Related Disorders* and *Neurology*). Of the resulting 9 reports that were reviewed in full text, 8 studies used mavoglurant as the mGluR5 antagonist and the 1 remaining study used dipraglurant (Figure [1](#F1){ref-type="fig"}).

![PRISMA 2009 flow diagram.](fnagi-10-00262-g0001){#F1}

Study characteristics
---------------------

Nine RCTs, with a total of 776 LID patients, met the inclusion criteria and were included in this review. Among the patients, 507 were randomized to mGluR5 antagonist groups, and 269 were randomized to placebo groups. The number of subjects included in this meta-analysis ranged from 14 to 197. Meanwhile, the time of follow-up ranged from 16 days to 12 weeks. The mGluR5 antagonists used in this study include mavoglurant (*n* = 8) and dipraglurant (*n* = 1). For outcome measures, LFADLDS was recorded in 6 trials, mAIMS in 8 trials, and UPDRS Parts III and IV in 7 and 6 trials, respectively. One paper by Daniela et al. (Berg et al., [@B4]) contained two trials (NCT00582673 and NCT00888004); similarly, one paper by Claudia et al. (Trenkwalder et al., [@B29]) included two phase 2 randomized, double-blind trials (NCT01385592 and NCT01491529). Two trials have not yet been published (Higgins et al., [@B14]; Atkins et al., [@B2]), and the information of two other trials with mavoglurant are due to be presented at the 18th International Congress of Parkinson\'s disease and Movement Disorders. The basic characteristics of the 9 trials are summarized in Table [1](#T1){ref-type="table"}.

###### 

Basic information of the included trials.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Study (years)**            **Basic data**                                                                                                                                                                                                                                                                                                                                                   
  ---------------------------- ---------------- ------------------------ ----------------- ------------------------ -------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Berg et al., [@B4]           Mavoglurant      60.7 ± 10.58;\           9/6;7/9           Moderate-to-severe LID   31 (Mavoglurant, *n* = 15;\                                                            Mavoglurant 25--150 mg or placebo bid for 16 days                                                                                        1\. LFADLDS\                                1\. Mavoglurant showed significant antidyskinetic effects vs. placebo on the LFADLDS, mAIMS and UPDRS-IV on day 16.\
                                                61.4 ± 10.28                                                        placebo, *n* = 16)                                                                                                                                                                                                              2. UPDRS-III\                               2. No significant difference between Mavoglurant and placebo on the UPDRS-III on day 16.\
                                                                                                                                                                                                                                                                                                                                                    3. mAIMS\                                   3. Most common AE: dizziness, not dose-related.
                                                                                                                                                                                                                                                                                                                                                    4. UPDRS-IV items 32--33                    

                               Mavoglurant      65.6 ± 7.54;\            9/5;8/6           Severe LID               28 (Mavoglurant, *n* = 14;\                                                            Mavoglurant 25--150 mg or placebo bid for 16 days; 4-day down-titration (50 mg Mavoglurant bid)                                          1\. mAIMS\                                  1\. Mavoglurant showed significant antidyskinetic effects vs. placebo on the mAIMS on day 16 (*P* = 0.32).\
                                                66.1 ± 6.55                                                         placebo, *n* = 14)                                                                                                                                                                                                              2. UPDRS-III\                               2. No significant difference between Mavoglurant and placebo on the UPDRS-III on day 16.\
                                                                                                                                                                                                                                                                                                                                                    3. LFADLDS\                                 3. Significant treatment effects were seen on the UPDRS-IV on days 12, 16, 20 (*P* = 0.026, *P* = 0.001 and *P* = 0.077 vs. placebo, respectively).\
                                                                                                                                                                                                                                                                                                                                                    4. UPDRS-IV items 32-33                     4. Trend toward improvement on LFADLDS.\
                                                                                                                                                                                                                                                                                                                                                                                                5. Most common AE: dizziness; not dose-related.

  Stocchi et al., [@B26]       Mavoglurant      66.2 ± 8.16 (EG20);\     10/12 (EG20);\    Moderate-to-severe LID   197 (Mavoglurant, *n* = 133;\                                                          Receiving either Mavoglurant (at doses of 20, 50, 100, 150, or 200 mg daily) or placebo (1:1:1:1:2:3 ratio) for 12 weeks                 1\. mAIMS\                                  1\. Mavoglurant 200 mg daily group differ significantly from placebo on the mAIMS (*P =* 0.007 vs. placebo).\
                                                66.4 ± 7.96 (EG50);\     13/9 (EG50);\                              placebo, *n* = 64)                                                                                                                                                                                                              2. PDYS-26                                  2. No significant treatment effects were observed in PDYS-26 scores for any Mavoglurant group versus placebo.\
                                                65.6 ± 9.47 (EG100);\    14/9 (EG100);\                                                                                                                                                                                                                                                                                                         3. Most common AE: dizziness, hallucination, fatigue, nasopharyngitis, diarrhea, and insomnia.
                                                66.0 ± 10.54 (EG150);\   14/8 (EG150);\                                                                                                                                                                                                                                                                                                         
                                                63.4 ± 8.98 (EG200);\    24/20 (EG200);\                                                                                                                                                                                                                                                                                                        
                                                64.8 ± 8.17              30/34                                                                                                                                                                                                                                                                                                                  

  Stocchi et al., [@B25]       Mavoglurant      NR                       NR                Moderate-to-severe LID   61 randomized to Mavoglurant or placebo (4:3)                                          Receiving Mavoglurant 100 mg bid immediate release or placebo for 12 weeks; Titration of Mavoglurant was at 2 weeks intervals            1\. mAIMS\                                  1\. The treatment difference between the Mavoglurant100 mg and placebo groups was not significant (−1.7 ± 1.31; *p* = 0.2095) for mAIMS.\
                                                                                                                                                                                                                                                                                                                                                    2. LFADLDS\                                 2. No significant changes were observed on any of the secondary measures.\
                                                                                                                                                                                                                                                                                                                                                    3. CGIC\                                    3. Most common AE: dizziness and visual hallucination.
                                                                                                                                                                                                                                                                                                                                                    4. UPDRS-III 5. UPDRS-IV 6. patient diary   

  Trenkwalder et al., [@B28]   Mavoglurant      NR                       NR                Moderate-to-severe LID   154 patients were randomly assigned to Mavoglurant or placebo (2:1)                    Receiving Mavoglurant (target dose of 150 or 200 mg bid modified release) or placebo; Titration of Mavoglurant was at 2-week intervals   1\. mAIMS\                                  1\. No significant change was observed on mAIMS in the 200 mg bid (−0.2 ± 1.03; *p* = 0.8640 vs. placebo) or 150 mg (−1.3 ± 1.16; *p* = 0.2707 vs. placebo) groups.\
                                                                                                                                                                                                                                                                                                                                                    2. LFADLDS\                                 2. No significant differences were observed on any secondary measure.\
                                                                                                                                                                                                                                                                                                                                                    3. UDysRS\                                  3. Most common AE:visual hallucination.
                                                                                                                                                                                                                                                                                                                                                    4. CGIC\                                    
                                                                                                                                                                                                                                                                                                                                                    5. UPDRS-III\                               
                                                                                                                                                                                                                                                                                                                                                    6. UPDRS-IV\                                
                                                                                                                                                                                                                                                                                                                                                    7. patient diary                            

  Kumar et al., [@B16]         Mavoglurant      61.3 ± 8.98;\            2/5;4/3           Moderate-to-severe LID   14 (Mavoglurant, *n* = 7;\                                                             Screening(4 weeks); Mavoglurant/placebo up-titration (2 weeks);\                                                                         1\. total OFF-time\                         1\. Patients in the mavoglurant group experienced a clinically meaningful improvement in OFF-time at week 5 vs. placebo.\
                                                61.4 ± 6.00                                                         placebo, *n* = 7)                                                                      L-dopa up-titration(3 weeks); Blinded taper-off (1 week); Follow-up (1 week)                                                             2. total ON-time                            2. Patients in the mavoglurant group also showed a greater improvement in ON-time without troublesome dyskinesia at week 5(4.38 h) compared with the placebo group (0.63 h).\
                                                                                                                                                                                                                                                                                                                                                                                                3. Most common AE: dyskinesia.

  Tison et al., [@B27]         Dipraglurant     64.2 ± 7.6;\             26/26;12/12       Moderate-to-severe LID   76 (Dipraglurant, *n* = 52;\                                                           Dipraglurant(dose titration from 50 mg qd on day 1 to 50 mg tid days 7--13 and up to 100 mg tid days 14--21) or placebo for 4 weeks      1\. Safety and Tolerability\                1\. Dipraglurant has significant efficacy on mAIMS at day 1 (*p* = 0.042) and day 14 (*P* = 0.034); mAIMS (AUC 0-3) at day 14 (*P* = 0.042)\
                                                62.8 ± 8.3                                                          placebo, *n* = 24)                                                                                                                                                                                                              2. mAIMS\                                   2. UPDRS Part III: Dipraglurant did not affect levodopa efficacy.\
                                                                                                                                                                                                                                                                                                                                                    3. UPDRS-III\                               3. Dipraglurant increased daily On time and reduced daily Off time.\
                                                                                                                                                                                                                                                                                                                                                    4. patient diary\                           4. CGIC dyskinesia showed greater improvement in dyskinesia for dipraglurant.\
                                                                                                                                                                                                                                                                                                                                                    5. UPDRS\                                   5. No significant changes in safety monitoring parameters.\
                                                                                                                                                                                                                                                                                                                                                    6. CGIC                                     6. Most common AE:dyskinesias,dizziness and nausea.

  Trenkwalder et al., [@B29]   Mavoglurant      65.9 ± 6.97;\            19/17;15/10       Moderate-to-severe LID   61(Mavoglurant, *n* = 36; placebo, *n* = 25)                                           4 weeks screening period;\                                                                                                               1\. mAIMS\                                  1\. The difference in mAIMS total score was not statistically significant (mavoglurant 100 mg vs. placebo; *P* = 0.2095).\
                                                66.6 ± 7.04                                                                                                                                                2 weeks single-blind placebo run-in period;\                                                                                             2. LFADLDS\                                 2. There was no significant difference between the mavoglurant 100-mg and placebo groups for any of the other secondary efficacy outcomes.
                                                                                                                                                                                                           12 weeks double-blind treatment: the mavoglurant dose was gradually up-titrated every 2 weeks until the target dose was reached          3. UPDRS-III\                               
                                                                                                                                                                                                                                                                                                                                                    4. UPDRS-IV\                                
                                                                                                                                                                                                                                                                                                                                                    5. CGIC\                                    
                                                                                                                                                                                                                                                                                                                                                    6. patient diary                            

                               Mavoglurant      64.4 ± 8.68 (EG150);\    22/17 (EG150);\   Moderate-to-severe LID   154 patients were randomly assigned to mavoglurant 200- or 150 mg or placebo (2:1:1)   4 weeks screening period;\                                                                                                               1\. mAIMS\                                  1\. No statistical significance was observed for the treatment difference in mAIMS total score between mavoglurant group and the placebo group in week 12.\
                                                64.4 ± 8.84 (EG200);\    41/37 (EG200);\                                                                                                                   2 weeks single-blind placebo run-in period;\                                                                                             2. LFADLDS\                                 2. In individual groups there was no significant difference in the mAIMS mean change from baseline in week 12.\
                                                64.2 ± 9.02              21/16                                                                                                                             12 weeks double-blind treatment;\                                                                                                        3. UPDRS-III\                               3. There was no significant difference between the mavoglurant 100 mg and placebo groups for any of the other secondary efficacy outcomes.
                                                                                                                                                                                                           1 week, randomized, blinded taper-off period(mavoglurant 50 mg bid. for 3 days followed by 25 mg bid. for 4 days)                        4. UPDRS-IV\                                
                                                                                                                                                                                                                                                                                                                                                    5. CGIC\                                    
                                                                                                                                                                                                                                                                                                                                                    6. patient diary\                           
                                                                                                                                                                                                                                                                                                                                                    7. UDysRS                                   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*EG, experimental group; CG, control group; SD, standard deviation; mAIMS, modified Abnormal Involuntary Movements Scale; CGIC, the Clinician-rated Global Impression of Change; LFADLDS, Lang-Fahn Activities of Daily Living Dyskinesia Scale; UPDRS, Unified Parkinson\'s Disease Rating Scale; UDysRS, Unified Dyskinesia Rating Scale; PDYS-26, 26-item PD Dyskinesia Scale*.

Risk of bias
------------

Figure [2](#F2){ref-type="fig"} shows the risk of bias in the included trials. Eight trials described the method of randomization used. Seven trials assessed whether an adequate concealment of allocation procedure was used, and eight trials reported methods for blinding participants. Seven trials described intention-to-treat analyses (ITT) and reported follow-up data. Selective reporting was found in one trial. Therefore, all of the included trials were determined to have a low risk of bias.

![Risk of bias of included trials using the Cochrane Handbook for Systematic Reviews of Interventions.](fnagi-10-00262-g0002){#F2}

Meta-analyses
-------------

**Antidyskinetic:** In this meta-analysis, mAIMS was available from 6 trials of mGluR5 antagonists compared with placebo and showed a significant difference between the two groups (*p* = 0.010, WMD = −2.20, 95% CI: −3.88 to −0.53, Figure [3A](#F3){ref-type="fig"}). Meanwhile, there was obvious heterogeneity in the analysis of mAIMS between trials (Chi^2^ = 112.55, *p* \< 0.00001, *I*^2^ = 96%, Figure [3A](#F3){ref-type="fig"}). Two trials failed to pool analysis due to the data being deficient, and neither reported significant differences observed between the two groups (*p* = 0.2095 and *p* = 0.8640, respectively). For LFADLDS, no significant difference was obtained between mGluR5 antagonists and placebo based on four trials (*n* = 234, WMD = 0.06, 95% CI: −0.78 to 0.89, *P* = 0.90; heterogeneity: Chi^2^ = 14.34, *p* = 0.002, *I*^2^ = 79%, Figure [3B](#F3){ref-type="fig"}). The remaining two trials were not included in the meta-analysis due to the lack of detailed data reported. Analogously, neither of them reported significant effects of mavoglurant in reducing LFADLDS scores compared with placebo group (*p* \> 0.05). Moreover, we merged all the data and discovered no significant difference between mGluR5 antagonists and placebo according to UPDRS Part IV (*n* = 234, WMD = −0.11, 95% CI: −0.35 to 0.13, *P* = 0.36; heterogeneity: Chi^2^ = 24.78, *p* \< 0.0001, *I*^2^ = 88%, Figure [3C](#F3){ref-type="fig"}). **Antiparkinsonian: Four** trials reported no significant effect of mGluR5 antagonists for reducing UPDRS Part III scores compared with placebo (*n* = 310, *p* = 0.26, WMD = −0.42, 95% CI: −1.17 to 0.32, Figure [3D](#F3){ref-type="fig"}). Meanwhile, all the results showed heterogeneity when using the heterogeneity test (Chi^2^ = 35.28, *p* \< 0.00001, *I*^2^ = 89%, Figure [3D](#F3){ref-type="fig"}).

![Forest plot of effect sizes for **(A)** mAIMS, **(B)** LFADLDS, **(C)** UPDRS Part IV, and **(D)** UPDRS part III: Mean changes from baseline to end point. mAIMS, modified Abnormal Involuntary Movements Scale LFADLDS, Lang-Fahn Activities of Daily Living Dyskinesia Scale; UPDRS, Unified Parkinson\'s Disease Rating Scale.](fnagi-10-00262-g0003){#F3}

Adverse events
--------------

In the nine studies, the incidence of AEs was higher in patients in the mGluR5 antagonist groups than in the placebo groups (Table [2](#T2){ref-type="table"}). AEs were typically mild to moderate in severity and included nervous system, psychiatric, and gastrointestinal disorders. Among them, the most common AEs were dizziness (16.3% in mGluR5 antagonist groups vs. 4.3% in placebo groups), visual hallucination (10.1 vs. 1.1%), fatigue (10.1 vs. 4.8%), insomnia (6.1 vs. 1.6%), nasopharyngitis (6.1 vs. 1.6%) and diarrhea (5.1 vs. 2.1%). Overall, 10.1% of patients were reported to have dyskinesia in the mGluR5 antagonist groups, which was lower than 21.9% in the placebo groups. No deaths were reported in either of the treatment groups in any of the trials.

###### 

Summary of most common adverse events.

  ---------------------------------------------------------------------------------------------------------------------------------------
  **Adverse events**                                             **mGluR5 antagonists\   **Dipraglurant\   **Mavoglurant\   **Placebo\
                                                                 *N* = 374**             *N* = 52**        *N* = 322**      *N* = 187**
  -------------------------------------------------------------- ----------------------- ----------------- ---------------- -------------
  **MOST COMMON AEs[^a^](#TN1){ref-type="table-fn"}, *n* (%)**                                                              

  Dizziness                                                      61(16.3)                --                61 (18.9)        8 (4.3)

  Dyskinesia                                                     38 (10.1)               --                38 (11.8)        41 (21.9)

  Visual hallucination                                           38 (10.1)               --                38 (11.8)        2 (1.1)

  Fatigue                                                        38 (10.1)               8 (15.4)          30 (9.3)         9 (4.8)

  Insomnia                                                       23 (6.1)                --                23 (7.1)         3 (1.6)

  Nasopharyngitis                                                23 (6.1)                --                23 (7.1)         3 (1.6)

  Diarrhea                                                       19 (5.1)                --                19 (5.9)         4 (2.1)

  Confusional state                                              16 (4.3)                --                16 (5.0)         1 (0.5)

  Illusion                                                       16 (4.3)                --                16 (5.0)         1 (0.5)

  Nausea                                                         16 (4.3)                --                16 (5.0)         8 (4.3)

  Fall                                                           15 (4.1)                3 (5.8)           12 (3.7)         4 (2.1)

  Headache                                                       16 (4.3)                6 (11.5)          10 (3.1)         7 (3.7)

  Hypertension                                                   7 (1.9)                 5 (9.6)           2 (0.6)          1 (0.5)

  Asthenia                                                       5 (1.3)                 4 (7.7)           1 (0.3)          4 (2.1)

  On and off phenomena                                           6 (1.6)                 6 (11.5)          --               2 (1.1)

  Vertigo                                                        4 (1.1)                 4 (7.7)           --               0

  Visual impairment                                              4 (1.1)                 4 (7.7)           --               0

  Feeling drunk                                                  3 (0.8)                 3 (5.8)           --               0

  Somnolence                                                     3 (0.8)                 3 (5.8)           --               3 (1.6)

  Others AEs, n (%)                                              114 (30.5)              --                114 (35.4)       29 (15.5)
  ---------------------------------------------------------------------------------------------------------------------------------------

*These were events that were reported by at least 4% of dipraglurant-treated or mavoglurant-treated patients; AE, adverse event*.

Quality of the meta-analysis
----------------------------

Using the GRADE criteria, we characterized the quality of evidence presented in this meta-analysis as low to moderate. LFADLDS and UPDRS Part IV had a low level of evidence across all domains, and mAIMS and UPDRS Part III had a moderate level of evidence. The basic information for all core comparisons of the outcomes of the included trials is summarized in Table [3](#T3){ref-type="table"}.

###### 

Risk of bias assessment across studies by GRADE criteria.

  **Outcome measure**                             **LFADLDS**            **mAIMS**               **UPDRS-III**           **UPDRS-IV items 32--33**
  ----------------------------------------------- ---------------------- ----------------------- ----------------------- ---------------------------
  N of studies                                    4                      6                       5                       4
  **DOWNGRADE QUALITY OF EVIDENCE**                                                                                      
  Risk of bias                                    No                     No                      No                      No
  Inconsistency                                   Serious                Serious                 No                      Serious
  Indirectness                                    Serious                Serious                 Serious                 Serious
  Imprecision                                     No                     No                      No                      No
  Publication bias                                Undetected             Undetected              Undetected              Undetected
  **UPGRADE QUALITY OF EVIDENCE**                                                                                        
  Large effect                                    No                     No                      No                      No
  Plausible confounding would change the effect   No                     No                      No                      No
  Dose-response gradi                             No                     Yes                     No                      No
  Effect (95%CI)                                  0.06 (−0.78 to 0.89)   −2.2 (−3.88 to −0.53)   −0.42 (−1.17 to 0.32)   −0.11 (−0.35 to 0.13)
  Quality of evidence                             Low                    Moderate                Moderate                Low

*LFADLDS, Lang-Fahn Activities of Daily Living Dyskinesia Scale; mAIMS, modified Abnormal Involuntary Movements Scale; UPDRS, Unified Parkinson\'s Disease Rating Scale*.

Discussion {#s4}
==========

Summary of main results
-----------------------

Several conclusions can been draw based on the findings of this meta-analysis. First, our meta-analysis found that mGluR5 antagonists had a greater treatment effect on mAIMS scores (*p* = 0.01) in LID patients. However, there were no significant improvements in anti-dyskinesia in LFADLDS (*p* = 0.42) and UPDRS Part IV (*p* = 0.20) compared with placebo, as well as no effects on anti-parkinsonism (*p* = 0.25). Second, 9 trials evaluated the incidence of adverse events and none were reported. There were no major safety concerns associated with mavoglurant (100--200 mg) or dipraglurant (50--300 mg). The incidence of AEs was higher in patients in the mGluR5 antagonist groups than in the placebo group, especially increased dizziness, visual hallucination and fatigue. Finally, using the GRADE system, we characterized the quality of evidence in our meta-analysis as low to moderate. To our best knowledge, the meta-analysis was unable to determine if mGluR5 antagonists were beneficial in the treatment of PD or LID patients.

Interpretation of the results
-----------------------------

The development of LID is associated with increased glutamatergic signaling in the basal ganglia, particularly in its major input system (Chase and Oh, [@B8]). Inhibition of glutamatergic transmission signals by the selective mGluR5 antagonists have been shown to alleviate LID in rodent and monkey models of PD (Levandis et al., [@B17]; Morin et al., [@B19]). Moreover, the NMDA-receptor antagonist amantadine has shown effectiveness in ameliorating LID in patients, although its transitory effects and multiple neurological side effects in some patients limit its clinical use (Bibbiani et al., [@B5]). Consistently, our meta-analysis found that mGluR5 antagonists had a greater treatment effect compared with placebo on mAIMS scores in LID patients. Nevertheless, based on the combined analysis, we did not find other secondary end points with consistent improvements in dyskinesia scores (LFADLDS and UPDRS Part IV) for mGluR5 antagonists compared to placebo. Namely, the results on clinician-rated measures of dyskinesia were conflicting; a slight improvement was observed in the mAIMS scores, while the LFADLDS and UPDRS Part IV scores were not different between mGluR5 antagonists and placebo. The reasons for this discrepancy in the study outcomes were not apparent, but there were differences in the design of these trials and the trial sample was limited. Meanwhile, the LFADLDS and UPDRS Part IV scales may not have been sensitive enough to detect the observed antidyskinetic effects, or the magnitude of therapeutic effect may be too small to generate a change on these measures (Goetz et al., [@B12]). Therefore, these results should be interpreted with caution and additional large multi-center RCTs are required to assess the full potential of mGluR5 antagonists in patients with LID. Moreover, mGluR5 antagonists were not related to any significant effects on the UPDRS Part III scores in either trial, suggesting mGluR5 antagonists did not alter the antiparkinsonian effect of L-dopa therapy.

Limitations
-----------

Several limitations of this meta-analysis should be mentioned. First, a relatively small sample size of LID patients was included from seven papers with nine trials. Our results could be constrained by the unclear risk of bias due to incomplete data in a few trials. Second, the longest duration of treatment was 12 weeks; therefore, the long-term antidyskinetic effects and cost-effectiveness of mGluR5 antagonists could not be assessed here. Additionally, a few uncontrolled variables, such as disease stage, medication use, and types of mGluR5 antagonists, could confound the results. Third, mGluR5 antagonists in this study include only mavoglurant (*n* = 8) and dipraglurant (*n* = 1) because the other antagonists trials were not identical and may have influenced our results. Moreover, only one trial used dipraglurant. Finally, two trials have not yet been published, but will be presented at the 18th International Congress of Parkinson\'s Disease and Movement Disorders. These trials lacked detailed data on all scales.

Implication for further studies
-------------------------------

The findings from this meta-analysis using mGluR5 antagonists showed a greater treatment effect on the mAIMS scores but no significant improvements on LFADLDS and UPDRS Part IV scores. Therefore, more rigorously designed RCTs with longer follow-up periods are necessary in future. A number of adverse events occurred more frequently with mGluR5 antagonist treatments than with placebo, and they were mainly central nervous system symptoms. Therefore, the balance between the efficacy and side effects requires future studies. In general, there were no reports of life-threatening events in these trials. In addition, optimal dosages of compounds need to be refined to define the therapeutic window between efficacy and unacceptable side effects in future. Furthermore, combination studies of mGluR5 antagonists with other non-glutamatergic antidyskinetic drugs would be interesting. Finally, once the efficacy of mGluR5 antagonists is established, new lines of research should focus on establishing predictors of the intervention outcomes. These predictors could include age of disease onset, types of mGluR5 antagonists and treatment regimens, and genetic influences on the response to mGluR5 antagonists. All these issues should be researched by future RCTs.

Conclusion {#s5}
==========

In summary, mGluR5 antagonists had a greater treatment effect on mAIMS scores in LID patients without reducing the efficacy of antiparkinsonian therapy. However, there were no improvements in antidyskinesia on the LFADLDS and UPDRS Part IV scales compared with placebo. According to these results, we are unable to recommend mGluR5 antagonists for the routine treatment of LID patients right now. We need more RCTs in this field to guide the clinic.
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